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ABSTRACT

International Journal of Exercise Science 5(4) : 354-359, 2012. During the academic
year, Army ROTC cadets are required to participate in mandatory physical training; however,
during summer months training is not required. The purpose of this study was to determine if
there is a change in cadet VO2max after the summer when training is not mandatory. Participants
completed a graded exercise treadmill test to determine their VO 2max in late spring of 2010 and
again in early fall of 2010. Results indicated that over a three-month break from mandatory
physical training, a significant decrease in VO2max was seen for both genders in ROTC cadets.
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INTRODUCTION
Physical training is important for the
preparation of military cadets, including
those enrolled in the Reserve Officers’
Training Corps (ROTC) programs. The
ROTC program provides leadership and
military training at schools and universities
across the country (16). Participation in
regular training and testing of physical
fitness is required in order to ensure service
members are optimally prepared to meet
the physical demands of their missions (6).
In the military, particularly ROTC
programs, cardiovascular endurance and
muscle endurance are most commonly
measured, thus, regular physical training is
often centered on these variables (16). For

the purpose of this study, we were
interested in the cardiovascular endurance
of the participants.
Cardiovascular
endurance reflects the ability of the lungs,
blood, heart, muscles, and other organs and
organ systems to transport and utilize
oxygen (9). Measuring cardiovascular
endurance helps not only to characterize an
individual’s ability to perform a certain
task, but it can also be used to quantify the
effect of a change in training regimen on
performance (6). Maximal oxygen uptake
(VO2max) is a commonly used measure for
assessing cardiovascular endurance.
Changes can occur in VO2max with both
physical training and detraining (14).
Participating in different levels of exercise
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training can lead to increases in VO2max, yet
it is generally agreed upon that training
completed with intensities between 40-80%
of VO2max, 3 days/week, for 30
minutes/day will elicit increases in an
individuals’ VO2max (17,14,10,11,20). The
amount of increase observed depends on
the initial fitness level of the individual, but
increases of approximately 10% are
observed (20). Cadets in the Army ROTC
program are required to participate in
mandatory physical training 3 days/week
at training intensities of at least 40-80% of
VO2max,, which should result in increases in
VO2max. However, it is has not been
empirically shown that such training
among Army ROTC cadets actually elicits
increases in laboratory measured VO2max, as
a field-based 2 mile run is used to evaluate
cardiovascular fitness among army ROTC
cadets (5).

published studies have examined how
changes in Army ROTC cadets’ physical
training (training or detraining) may
influence cadets’ cardiovascular fitness.
Therefore the primary purpose of this study
is to determine if VO2max changes from early
May to early August (13 weeks) in cadets
when training is not mandatory.
METHODS
Participants
Participants were recruited from a threeschool consortium of Army ROTC cadets.
Of 51 enrolled cadets, 32 were returning
cadets who completed testing at both time
points. Cadets ranged from first year
through fourth year students in the ROTC
program. Descriptive characteristics of
study participants are presented in table 1.
The average age of the returning cadets,
was 21.2 ± 2.9 years.

Detraining, the partial or complete loss of
training-induced adaptations, can have a
negative impact on VO2max (16,15). The
magnitude of the performance decline
following a period of detraining appears to
be related to initial fitness level, total time
under reduced or absence of training
stimuli, and if training stimuli is reduced or
completely removed (15). A study by
Coyle et al. (3) stated that highly trained
athletes have been shown to decrease their
VO2max by 6 to 14% during a training
cessation of three to six weeks. However,
Madsen,
Pederson,
Djurhuus,
and
Klitgaard (12) reported that endurance
capacity can vary considerably during
detraining without changes in VO2max.

Table 1. Baseline Participant Characteristics
Variable

Females
n=8

Age (years)

21.1

± 2.0

21.4 ± 4.8

Weight (kg)

83.4

± 11.1

59.2 ± 6.2

Height (cm)

178.8

± 6.9

162.6 ± 5.2

26.1

± 2.7

22.3 ± 1.6

Waist (cm)

87.2

± 8.5

73.9 ± 6.9

Max HR (bpm)

196

± 8

192 ± 13

VO2MAX (L/min)

4.5

± 0.5

2.93 ± 0.4

53.3

± 5.7

48.6 ± 3.3

BMI

(kg/m2)

VO2MAX
(ml/kg/min)

Note. All values are presented as M ± SD. BMI =
body mass index; Max HR = maximum heart-rate;
VO2MAX = maximal oxygen uptake.

Protocol
Cardiovascular
fitness
testing
was
completed during the spring and fall
semesters of 2010. Prior to cardiovascular

Limited research has been conducted on the
fitness levels of ROTC cadets (19).
Moreover, to the authors’ knowledge, no
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n = 24
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fitness testing, each participant’s body mass
was measured to the nearest 0.1 kg with a
digital scale (Tanita TBF-300A, Tanita
Corporation, Tokyo, Japan), and height was
measured to the nearest 0.5 cm using a
portable stadiometer (Seca Road Rod 214
portable stadiometer, Seca GmbH & Co.
KG,
Hamburg,
Germany).
Waist
circumference was measured to the nearest
0.5 cm on bare skin at the level of the
umbilicus using a non-stretchable fiberglass
measuring tape.

highest 30-second time interval.
Each
participant’s heart rate, in beats per minute
(bpm), was also measured during the
treadmill test using a chest-positioned Polar
monitor (model T31, Polar Electro Oy,
Kempele, Finland). Summary data was
recorded for each participant and included
maximum heart-rate (bpm), relative VO2max
(ml/kg/min), and VO2max (L/min).
Statistical Analysis
Data were analyzed using the statistical
package for the Social Sciences (SPSS) for
Windows, version 18.0.
Descriptive
statistics were used to compute various
demographic variables.
In order to
determine if VO2max changed over the
summer in cadets when training was not
mandatory, a 2(time) X 2 (gender) withinbetween ANOVA was used. Partial etasquared (ηp2) effect sizes were calculated for
ANOVA F-tests to provide a context for the
magnitude
of
differences
for
all
comparisons. Effect sizes were interpreted
as small (.01 to .05), medium (.06 to .13), or
large (≥ .14) (2). Alpha was set ≤ .05 for all
analyses.

Participants were asked to complete a
graded exercise treadmill test in order to
determine their VO2max. A modified Taylor
protocol was used when administering the
treadmill test (18). Participants first
completed a 2 minute warm-up on an even
grade at 7 miles per hour (mph). Following
the warm-up, the treadmill test was
completed at a constant speed of 7 mph as
the grade increased one percent every
minute.
Once the participant reached
volitional exhaustion, the administrator
would then decrease the speed and incline
so the cool-down could begin, which
consisted of 3-5 minutes at a comfortable
walking pace.

RESULTS
The primary objective of this study was to
determine if Army ROTC cadets’ VO2max
changed over a 13-week period (early May
to Early August) when training was not
mandatory. Mean measurements of VO2max
during the spring testing session and fall
testing session for all returning cadets are
presented in a gender stratified format
within figure 1.

Each participant’s VO2max was assessed
during the treadmill test using a
Medgraphics Ultima metabolic cart (CPX
model, Medical Graphics Corporation, St.
Paul, Minnesota) operating BreezeSuite
software (version 6.2, Medical Graphics
Corporation, St. Paul, Minnesota). Breathby-breath gas exchange data was collected
and averaged over 30-second time intervals
during the treadmill test. The VO2max for
each treadmill test was calculated as the

International Journal of Exercise Science

356

http://www.intjexersci.com

DECREASES IN MAXIMAL OXYGEN UPTAKE AMONG ARMY ROTC CADETS

Significant decreases in absolute (males:
4.47 l/m to 4.31 l/m; females: 2.93 l/m to
2.71 l/m, respectively) (F[1, 30] = 7.81, p =
.009, ηp = .21) and relative VO2max (males:
53.34 to 51.07 ml/kg/mn; females 48.64 to
45.20 ml/kg/mn, respectively)(53.34)(F[1,
30] = 13.82, p = .001, ηp = .32) were observed
after 13 weeks when training was not
mandatory. For both absolute (F [1, 30] =
68.76, p < .001, ηp = .70) and relative (F [1,
30] = 7.79, p = .009, ηp = .21) analyses, males
had significantly higher VO2max than
females. Generally, the VO2max of females
was approximately 15% to 25% below that
of males, which is consistent with
previously published literature (6,13). No
significant time by gender interactions were
found for either the absolute or relative
VO2max analyses.

intense physical training during the
academic year, only to be left unsupervised
during three months of summer. While
previous studies have established that
physical training leads to increases in
VO2max (17,14,10,11,20), it has also been
established that detraining will have the
opposite effect (3,4,15).
The findings of this study showed that
there was a significant decrease (males:
4.3%; females: 7.1%), in the cadets’ VO2max
over the three months from spring semester
to fall semester suggesting the possibility of
a detraining effect (15). Effect sizes
associated with observed declines in
absolute and relative VO2max (ηp2 = .21 and
ηp2 = .32, respectively) were large and
suggestive of a biologically meaningful
reduction in VO2max among cadets from
spring semester to fall semester. Similar to
our results, Kovacs, et al. (8), found that as
little as five weeks of unsupervised training
reduced speed, power, and aerobic
endurance in nationally competitive tennis
players.

DISCUSSION
The main objective of this study was to
determine if non-mandatory training
periods lead to changes in VO2max for ROTC
cadets. Cadets engage in frequent and
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periods. Therefore, cadet training should be
designed to minimize any unnecessary
reductions in fitness levels, particularly
during
the
non-mandatory
training
summer months. Implementing a reducedload training program can help cadets
maintain their hard-earned fitness levels,
which over time should decrease the
burden of re-training that occurs each
academic year in many ROTC cadets.

Limitations to this study exist, and should
be considered when interpreting the
results. The sample size, especially for the
female cadets, was small, and it was also
not known if the cadets did any physical
training during the summer months.
However, given the intense nature of the
school year physical training required of
the cadets, it is presumed that training is
less intense, and possibly less frequent,
during the summer, or non-supervised
period. Additionally, these results can only
apply to groups involved in mandatory
physical training, which is generally limited
to ROTC cadets and other military
personnel.

More research on the effect of detraining in
ROTC cadets is needed. Future studies
should include larger sample sizes and
more equal representation of females and
males.
ACKNOWLEDGEMENTS

In summary, this study found that over a
three-month break from mandatory
physical training, a significant decrease in
VO2max was seen for male and female ROTC
cadets. While the cadets did not necessarily
cease training, it has been previously
established that if training is discontinued,
gains in fitness regress by approximately
50% within 4-12 weeks (15), which is
similar to the length of the cadets nonmandatory summer breaks. In this study,
the cadets did lose fitness over time,
measured by VO2max, which may have been
mitigated with a reduced training approach
(7). In fact, training loads of as little as 1-2
days a week, at your previous intensity, for
as little as 15-20 minutes, can be sufficient
to maintain cardiovascular fitness and
muscular strength for up to three months
(1) or the same length as the cadets nonmandatory summer break. Given the need
for ROTC cadets, and other military
personnel, to maintain year-round fitness,
even a reduced load training program
would be prudent during non-mandatory
International Journal of Exercise Science

The authors would like to acknowledge
LTC Shawn Stroud and LTC Santiago
Bueno along with the entire NDSU TriCollege ROTC administration and cadets
for participating in this study. We are also
indebted to Sarah Greterman, Jared Tucker,
Nick Redenius, Bryan Christensen and the
many
graduate
and
undergraduate
research assistants that helped collect the
data.
REFERENCES
1. American College of Sports Medicine. Guidelines
for exercise testing and prescription. 8th ed. New
York, NY: Lippincott Williams & Wilkins. 2010.
2. Cohen J. Statistical Power Analysis for the
Behavioral Sciences. 2nd ed. Hillsdale, NJ: Lawrence
Erlbaum Associates, 1988.
3. Coyle EF, Martin WH, Bloomfield SA, Lowry OH,
Holloszy JO. Effects of detraining on responses to
submaximal exercise. J Appl Physiol 59(3): 853-859,
1985.

358

http://www.intjexersci.com

DECREASES IN MAXIMAL OXYGEN UPTAKE AMONG ARMY ROTC CADETS
4. Coyle EF, Martin WH, Sinacore DR, Joyner MJ,
Hagberg JM, Holloszy JO. Time course of loss of
adaptations after stopping prolonged intense
endurance training. J Appl Physiol 57(6): 1857-1864,
1984.

15. Mujika I, Padilla S. Detraining: Loss of traininginduced physiological and performance adaptations.
Sports Med 30(3): 145-154, 2000.
16. Roy TC, Springer BA, McNulty V, Butler NL.
Physical fitness. Mil Med 175(8): 14-20, 2010.

5. Department of the Army. Physical Fitness
Training: FM 21-20. Washington, DC: Department of
the Army, 1998.

17. Swain DP, Franklin BA. VO2 reserve and the
minimal intensity for improving cardiorespiratory
fitness. Med Sci Sports Exerc 35: 152-157, 2002.

6. Foss ML, Keteyian SJ. Physiological Basis for
exercise and Sport. 6th ed. New York, NY: WCB
McGraw-Hill, 1998.

18. Taylor HL, Kuskirk E, Henschel A. Maximal
oxygen intake as an objective measure of cardiorespiratory performance. J Appl Physiol 8: 73-80,
1955.

7. Garcia-Pallares J, Carrasco L, Diaz A, SanchezMedina.
Post-season
detraining
effects
on
physiological and performance parameters in toplevel kayakers: comparison of two recovery
strategies. J Sports Sci Med 8: 622-628, 2009.

19. Thomas DQ, Lumpp SA, Schreiber JA, Keith JA.
Physical fitness profile of Army ROTC Cadets. J
Strength Cond Res 18(4): 904-907, 2004.

8. Kovacs MS, Pritchett R, Wickwire PJ, Green JM,
Bishop P. Physical performance changes after
unsupervised training during the autumn/spring
semester break in competitive tennis players. Br J
Sports Med 41: 705-710, 2007.

20. Wilmore JH, Costill DL. Physiology of Sport and
Exercise. 3rd ed. Champaign, IL: Human Kinetics,
2005.

9. Liguori G, Carroll-Cobb S. Fitwell: Questions and
Answers. New York, NY: McGraw-Hill, 2011.
10. MacDougall D, Sale D. Continuous vs interval
training: a review for the athlete and the coach. Can
J Appl Sport Sci 6: 93-97, 1981.
11. Mader A. Evaluation of the endurance
performance of marathon runners and theoretical
analysis of test results. J Sports Med Phys Fitness, 31:
1-19, 1991.
12. Madsen K, Pedersen PK, Djurhuus MS, Klitgaard
NA. Effects of detraining on endurance capacity and
metabolic changes during prolonged exhaustive
exercise. J Appl Physiol 75(4): 1444-1451, 1993.
13. McArdle DW, Katch FI, Katch VL. Essentials of
Exercise Physiology. 2 nd ed. New York, NY:
Lippincott Williams & Wilkins, 2005.
14. Midgley AW, McNaughton LR, Wilkinson M. Is
there an optimal training intensity for enhancing the
maximal oxygen uptake of distance runners? Sports
Med 36(2): 117-132, 2006.

International Journal of Exercise Science

359

http://www.intjexersci.com

